Investigate the effects of the interaction between nitrogen fertilization and inoculation with diazotrophic bacteria becomes important, especially for maize, highly exacting in N. Thus, the aim of this study was to evaluate the initial growth of maize in compliance A. brasilense inoculation and nitrogen rates. The experiment was conducted in a greenhouse, in Mato Grosso do Sul State University, Aquidauana University Unit, between the months of march and April of 2014. It was used completely randomized design in a 2x4 factorial arrangement with four replications. The treatments consisted of the absence and presence of inoculation with A. brasilense and four levels of nitrogen fertilization (0, 25, 50, 100 kg ha -1 N). At 40 days after sowing the following variables were evaluated: leaf area, plant height, stem diameter, dry mass of shoot and of root. There was interaction between doses of nitrogen and inoculation with A. brasilense for most of the evaluated variables. Inoculation with A. brasilense provides improvements in the establishment and initial development of maize. In the presence of inoculation with A. brasilense, the development of maize increases linearly the administration of the nitrogen doses.
INTRODUCTION
Maize (Zea mays L.) is a cereal of great economic importance in the world. Brazil is the third largest producer of this grain, the national production of maize in the harvest reached a volume of approximately 81.5 million tons (CONAB, 2014) . The economic importance of maize is characterized by its use diversity, ranging from human and animal feed to high technology industries, such asthe ethanol production ones (NERI et al., 2005; TEODORO et al., 2015) .
Maize is a demanding crop when it comes to soil fertility, given the fact that it requires a great amount of nitrogen (N), it represents one of the highest costs to the producers due to the high demand for nitrogen fertilizers (MALAVOLTA, 2006) . Although N is present in the atmosphere, it is not available in an assimilable form to the plants. Thus, its fixation in the soil can occur by means of electric discharges and industrial or biological processes (CARMO et al., 2012) . Among these processes, the biological nitrogen fixation (BNF) accounts for about 60% of all N accumulated by the plants, being of great support for the increased yield, in addition to being an ecological and more economical alternative to the nitrogen fertilizers (BODDEY et al., 2001 ).
Bacteria from the 5 genus can be inoculated in the plants of agronomic interest, stimulating their growth throught multiple mechanisms, which include phytohormone synthesis, nitrogen nutrition improvement, stress mitigation and the biological control of the pathogenic microbiota. (BASHAN; BASHAN, 2010; MORAIS et al., 2016) . Azospirillum genus (gram-negative, aerobic or microaerophilic bacteria) belongs to the Alfaproteobacterias class, Rhodospirillaceae family, and it is currently possible to find more than 200 of its variations in the gene bank (QUADROS et al., 2014) .
Nitrogen fixation in the plant during the plant-bacteria association is a process in which bacteria only provide fixed nitrogen if sources of carbon and energy are sufficiently available (CHUBATSU et al., 2012) . Thus, it is important to investigate the interaction effects between nitrogen fertilization and inoculation with diazotrophic bacteria, especially for the maize crop, which presents high demands for N. In this sense, we emphasized the hypothesis on the extent to which it would be feasible to substitute mineral nitrogen by the Azospirillum brasilense inoculation. Thus, this study aimed to verify the initial maize growth in compliance with the A. brasilense inoculation and nitrogen rates. Agricultural greenhouse where the trial was carried out has a galvanized arc structure, chapel type, with a low-density polyethylene film (LDPE) of 150 microns thickness, zenith aperture and thermo-reflective screen (50% shading), having 6.4 m wide by 18 m long, with 4 m height under.
MATERIAL AND METHODS

Trial
A completely randomized design was used in a 2x4 factorial scheme, with four replications. The treatments consisted of combining absence and presence of A. brasilense inoculation and four nitrogen fertilizer rates (0; 25; 50; 100 kg ha -1 of N). The plants were conducted in plastic containers with a capacity of 5 L previously disinfected with solution containing 40% alcohol + 10% formaldehyde + 20% sodium hypochlorite and air dried. Soil for filling the pots was collected and later air-dried and sifted for packaging in the pots. Soil chemical analysis was performed, from which singe samples were taken from the 0-20 cm layer, forming the composite sample that was sent to the laboratory.
The soil showed the following chemical characteristics: pH (CaCl 2 ) = 4.3; OM = 3 g dm -3 ; P = 0 mg dm -3 ; Ca = 5 mmolc dm -3 , Mg = 4 mmol c dm -3 , K = 0,8 mmol c dm -3 , Al = 14 mmol c dm -3 , H+Al = 32 mmol c dm -3 , and CEC= 42 mmol c dm -3 . Dolomitic limestone (28% CaO, 20% MgO and 75% relative total neutralizing power -RTNP) was applied to raise base saturation to 60% (2.11 t ha -1 ). So that there was chemical reaction in the soil, it was moistened to the field capacity and conditioned under plastic canvas for 20 days. Fertilization was carried out according to the soil analysis using 120 kg ha -1 P 2 O 5 , 180 kg ha -1 K 2 O (RAIJ et al., 1996) and nitrogen fertilization according to treatments using urea at sowing.
Maize seeds were inoculated with the commercial product AZOMAX, manufactured by Novozymes company, containing ABV-5 and ABV-6 strains from A. brasilense bacterium at a minimum concentration of 3x10 8 viable cells mL -1 . For each hybrid, the manufacturer's recommended dose equivalent to 150 mL of the commercial inoculant was applied to 60,000 seeds.
We used in this trial the Maximus single hybrid, manufactured by the Syngenta company. Seeding was done with four seeds per pot, placed at 3 cm deep. Thinning was performed 10 days after sowing (DAS), maintaining two plants per pot. At 10 days after emergence (DAE), due to the low level of phosphorus in the soil (0 mg dm -3 ) fertilization with monobasic potassium phosphate solution (KH 2 PO 4 ) was carried out at rate of 658.5 mg mL -1 by applying 100 mL per pot (equivalent to 1,317 kg ha -1 ). Evaluations were carried out at 40 DAS (V8 stage in which the number of grain rows), determining the plant height using graduated ruler for measuring from the ground base until the last completely developed leaf insertion; stem diameter, measured in the neck region using a digital caliper; leaf area, estimated by measuring length and width of the +3 leaf, according to the method described by Pereira (1987) : LA = L x W x 0.75, where LA is leaf area; L is the leaf +3 length; W is the width +3 length; and 0.75 is the correction factor for leaf area of the crop.
The plants were removed from the pots and partitioned into shoot and root system. Root system was washed in running water, using a fine mesh sieve to avoid finer root losses. Leaves, stems and roots were separated, packed in paper bags and dried in an oven with circulation at 65ºC for 72 hours, and then the dry mass of shoot and root were recorded.
Analyzed variables were initially submitted to the Shapiro-Wilk and Bartlett tests to verify the normality of the residues and to test the homogeneity between the variances, respectively. Subsequently, data were submitted to analysis of variance, the qualitative factor (absence and presence of the inoculation) being submitted to the comparison of means by the Tukey test and the quantitative (N rates) to the polynomial regression analysis. The best adjusted equation was chosen according to the coefficient of determination and the regression coefficients significance, tested by the ttest corrected based on the residues of the analysis of variance. All the analyzes were performed using Sisvar statistical software (FERREIRA, 2011).
RESULTS AND DISCUSSION
There was significant interaction (p<0.01) between A. brasilense inoculation (I) and nitrogen rates (N) on all variables evaluated, except for the 1244 Initial growth in...
OLIVEIRA, E. P. et al stem diameter, which was influenced by the isolated factors (Table 1) . A. brasilense inoculation provided the highest values for leaf area (Table 2 ) and plant height (Table 3 ) only when combined with the rate 100 kg ha -1 of N. In the absence of inoculation, there was a quadratic adjustment in response to N rates (with maximum point obtained with the approximate rate 60 kg ha -1 of N), while in the presence of inoculation there was a linear increase in plant height in both variables. Averages followed by different letters at each nitrogen rate differ from each other by the Tukey test at 5% probability. Zemrany et al. (2006) , Ramos et al. (2010) , Hungria et al. (2010) , Novakowisk et al. (2011) , Kappes et al. (2013) and Quadros et al. (2014) observed an increase in the plant height in maize in response to the A. brasilense inoculation under different N rates. This may have occurred because there is a higher plant hormones production in the presence of A. brasilense, such as gibberellin (GA3 and GA1), which together with the use of N, participates directly in the cell division and expansion and in the photosynthetic process (RIBAUDO et al., 2001; BASHAN et al., 2004) .
The increase of 14% in the stem diameter of maize plants, provided by the A. brasilense inoculation is important because it minimizes possible situations of stress, since this organ is a source of carbohydrate reserves and lodging (Table  4) . Ramos et al. (2010) and Hungria et al. (2010) also observed an increase of this variable in response to the A. brasilense inoculation. However, Repke et al. (2013) did not observe any inoculation influence on the maize development, including their stem diameter. There was a linear increase in the stem diameter in response to N rates (Table 4) , possibly because this nutrient increases CO 2 assimilation and chlorophyll synthesis, providing greater photosynthetic capacity to plants and greater accumulation of carbohydrates, which are stored in this organ (CASTRO et al., 2008) .
Under absence of N fertilization, there was no difference between the treatments for the production of dry mass of shoot (Table 5) and roots (Table 6 ). However, in the other rates A. brasilense inoculation provided the highest values for both variables. According to Ribaudo et al. (2001) and Quadro et al. (2014) , this occurs because bacteria from the Azospirillum genus use N from nitrogen fertilization to assimilate carbon and multiply themselves faster, increasing the inoculation effects. Under the absence of inoculation there was a quadratic adjustment in response to N rates (with the maximum point obtained with the approximate dose of 65 to 95 kg ha -1 of N for the variable dry mass of shoot and root, respectively), while under the presence of inoculation there was a linear increase in the shoot (Table 5 ) and the root (Table  6 ) dry mass. Stancheva et al. (1992) stated that the increased dry mass of maize plants inoculated with A. brasilense occurs mainly under the presence of high N rates, which is related to the increased activity of photosynthetic enzymes and assimilation of this nutrient.
Reis Júnior et al. (2008), Hungria et al. (2010) and Quadros et al. (2014) have also observed an increase in dry mass of shoot and root of maize plants with A. brasilense inoculation. Bashan et al. (2004) pointed out that the plant hormones, especially indole acetic acid (IAA), excreted by bacteria from Azospirillum genus, play an essential role in promoting plant growth. Hartmann et al. (1983) , Gopalswamy and Asekaran (1988) and Salamone and Dobereiner (1996) verified that maize seedlings with A. brasilense inoculation showed an increased in the number of root hairs, shapes and it also developed numerous primary and secondary lateral roots, which increase the nutrient uptake from the soil solution, favoring its development.
It is estimated that the use of inoculants containing selected strains of A. brasilense may save approximately US$ 2 billion in chemical fertilizers, allowing reduction in transport costs, and leading to a reduction in pollution resulting from the production and use of N-fertilizers (HUNGRIA et al., 2010; COSTA et al., 2015) . This effect may be beneficial to the crop during periods of water deficit, since maize is highly demanding in water and the increased specific root surface area allows a greater capacity of water and soil nutrients uptake.
CONCLUSIONS
Azospirillum brasilense inoculation provides improvements in the maize establishment and early development.
In the presence of Azospirillum brasilense inoculation, the development of maize increases linearly as a function of the nitrogen doses.
RESUMO:
Investigar os efeitos da interação entre adubação nitrogenada e inoculação com bactérias diazotróficas tornou-se importante, sobretudo para a cultura do milho, altamente exigente em N. Assim, o objetivo deste trabalho foi verificar o crescimento inicial do milho em função de inoculação A. brasilense e doses de nitrogênio. O
